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@ Improved recombinant expression method, vector and transformed cells. 

<g) A method for continuous production of a desired heterolo- 
gous protein comprising constructing an expression vector 
having a stabilizing sequence downstream of a promoter and 
upstream of the DNA encoding the desired heterologous 
protein, transacting and choosing a particular eukaryotic host 
ceil for said continuous production and culturing the trans- 
formed eukaryotic host ceD under conditions favorable for 
continuous production of said desired heterologous protein. 
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Description 

IMPROVED RECOMBINANT EXPRESSION METHOD, VECTOR AND TRANSFORMED CELLS * 

This Invention relates to the application of recombinant DNA technology to prepare vectors capable of 
expressing desired proteins such that continuous production of the protein can be achieved. Furthermore, the 
5 invention relates to the construction of an expression vector capable of generating stable cytoplasmic mRNA 
so as to give rise to continuous production of the desired protein, in another aspect the invention relates to an 
expression vector having a specific stabilizing sequence positioned 5' to a DNA encoding a desired protein. 
The invention further relates to the transfection of eukaryotic cells with such vectors and choosing of a host 
cell such that continuous production of the desired protein by that cell line is established. 

10 Recombinant technology has recently been applied to eukaryotic cells, specifically mammalian cells were 
transformed with heterologous DNA coding for a selectable phenotype. Wigler, < M., et aL, Cell 1 1 : 223-232 
(1977). It has also been shown that eukaryotic celts can be transformed to yield transformants having 
heterologous DNA Integrated Into the chromosomal DNA of the eukaryotic ceil nucleus. 
Successful transformation of eukaryotic cell cultures and expression of DNA sequences coding for a 

15 desired protein has been disclosed. See for example, European Patent Publications Nos. 73,659 and 73,656. 
These successful transformations have utilized vectors to express complimentary DNA (cDNA's) requiring 
only 5' control signals such as enhancers (Gluzman, Y and Shenk, T. [edsj Enhancers and Eukaryotic Gene 
Expression [Cold Spring Harbor Laboratory, 1983]), promoters (Hamer, D. H. etal M Cell 21 1 697 [1980]) and 3' 
polyadenylatfon sites (Proudfoot, NJ. and Brownlee, G.G., Nature 283, 211 [1976]). 

20 In 1977 It was found that In eukaryotes the cytoplasmic mRNA is not always co-linear with the DNA. DNA 
sequences encoding proteins were found to be interrupted by stretches of non-coding DNA. There are long 
stretches of base sequence in the DNA of the gene which do not appear in the final mRNA. It was observed 
that the primary mRNA transcripts were "spliced" to remove the non-coding sequences, i.e. sequences which 
do not encode a protein. These non-coding sequences in DNA are generally referred to as fntrons (formerly 

25 referred to as intervening sequences) while the coding sequences are known as exons. RNA polymerase 
makes a primary transcript of the. entire DNA, both exons and irrtrons. This transcript was processed so that 
the introns were removed while at the same time the exons were all Joined together in the correct order. The 
mechanism producing the foregoing result is referred to as "splicing." 
Numerous split or spliced genes have been discovered. In fact, Introns exist in virtually all mammalian and 

30 vertebrate genes and also in the genes of eukaroytic microorganisms. Introns are not limited to the coding 
region of a message. For example, one* fntron was found in the leader region of the plasminogen activator 
mRNA before the coding sequence In addition to multiple splice sites elsewhere In the gene. Fisher, R. et a}., J. * 
Biol. Chem. 260, 1122 (1985). There has been considerable speculation about why Introns have evolved and 
become such a general feature of eukaryotic genes. Crick, F M Science 204, 264, 1979 ; and, Sharp, PA, Cell 23, 

35 643-646 (1981). f 
Given the ubiquity of introns, His not surprising that splicing was studied in the context of recombinant 
technology. For example, an SV40 vector was constructed containing a rabbit p-gtobin cDNA, regions 
Implicated in transcription Initiation and termination, splice sites from a multipartite leader sequence located 5' 
to the p-gtobtn cDNA sequence and a polyadenytation sequence. Mulligan, R.C. et a}., Nature 277, 108-114 

40 (1979). This recombinant genome, when Infected Into monkey kidney cells, was found to produce hybrid 
mRIMAs containing the leader region for the 16S and 19S late RNA and the p-globln coding sequence. This 
hybrid mRNA produced substantial quantities of the rabbit 0-gtobln polypeptide. Mulligan et aL discuss an 
experiment in which mutants lacking splicing capability foiled to produce discrete mRNAs. id. at 109. 
In an attempt to establish the physiological role that RNA spficing plays in gene expression, Hamer, D.H. and 

45 Leder, P., Cell 18, 1299-1302 (1979) manipulated the location end/or presence of a splice site in SV40 
recombinants transfected into monkey cells. Hamer and Leder. supra, used one splice site located within the 
gene encoding the desired protein or used two splice site sequences, onelocatedS'toand the second within 
the gene encoding the desired protein. They found that RNA were produced transiently by ail of the viruses 
that retain at least one functional splice Junction. They concluded that splicing is a prerequisite for stable RNA 

50 formation. Confirming that result, Gruss, P. eta!, PNAS (USA), 76, 4317-4321 (1979) found that construction of 
an SV40 mutant lacking an Intervening sequence made no det^laJble capsid protein. The Gruss paper utilized 
a multipartite leader having several splice ifte sequences, ftfe three p^&re discussed all utillie viral vectors 
with numerous splice sites at various locations. These viral vectors differ from the nonvtral vectors of the 
instant invention In several respects. First viral introns a/e looted both 6' and 3* to the transcription unit as 

5$ well as within the coding sequence Itself. In the Instant invention titestabM^ 

gene encoding the desired protein. Viral vectors continue to repicate independent of the host DNA, do not 
Integrate and are lytic. Finally, many viral vectors require early gene function for correct splicing to occur. 
These two papers suggest that RNA splicing may be Important In * recombinant milieu. However, other /' 
. studies abandoned splicing to express proteins using only & control signals such as enhancers, and 

60 promoters and 3' polyadenytation sites. Jn fact, recent work by Reddy. U.B. et aL ( Transcriptional Control 
Mechanisms, J. Cell. Biochem. Suppl. 10D, 154 (1986), found that the inclusion of fntrons in ah expression 
vector actually reduced the amount of the desired protein expressed. The authors concluded that Introns were 
not an essential part of vectors for the expression of a desired protein. Hall et aj. also observed that including 

/ 
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MQRH These results suddoiI the notion that splicing is not obligatory. , 

^^SrMh^SmS^^ standard recombinant control signals such as enhancers, promoters and 

i*!rfl^n fsmxi PW etal Nature 295 503 (1982); hemagglutinin, Gething. et al. Nature ^.620 (1981) 
interferon, Gray. H.w. t ei a., Nature fw, \ j , ^ „ M986FDHFR, Simonsen, C.C. et 
human lecithin-cholesterol acyttransferase McLean, J. gSlfl^S KJ Ca^on, OJ. 

*i dm aq ro 2495 M9831 - human interleuWn-2, Leonard, WX et al. f Nature sm . b<a> . ^*h ui 

M Tg*>d UoVxpcess oMr protein, but «nh > restricted <?>^-^S;fK 

adenovirus tripartite mRNA leader sequence ^i ol ^* 0 ^ n V r P "^^rr Sheeted Into DHFR- 
an Immunoglobulin variable-region gene and *e DHFR ^^^g^^^^and sharp. PA. J. 

expression of factor VIII was observed In any of the cell types tested. 
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a *u ♦ r «K*ont an intran or constructed splice site containing the SV40 early transcriptional 

, sKe^Pressed factor VIII transiently In COS cells but produced no expression In other ce« types. 

A £»7wm consfructed containing an SV40 enhancer and promoter, the first donor site and I Intron of the 
j££5Z%2!i l^der. the consensus sequence for the Ig variable region acceptor 
enSS 

VM 2i WW s^KJen Intron * to the cDNA, complete with donor and acceptor sequen^ the SV« 
eaV^glonpVr/adenytallon site. This vector failed to produce either transient or stable expre3s.cn of factor 

"e£2m taoM herein establish that a stabilizing sequence, either a ^or^r^eptor 

ImmqLlon The oresent invention is directed to the construction and use of vectors having a specific 

JSi^JSEL vector requires a particular arrangement of \<^^^SSSSSSi HSR 
HZSSi 2 SS^tteW^ vectors constructed In accord wit.h the foregoing wh.cn express the 

X nwefveXtfthei^ 

rM to estahllsh a stable cell line for production of the desired heterologous protein. 

cell to F e ^f c ^^^ 

^'^Tconstru^onofafactorVlllexpression vector used to establish praluctlon ceil lines for factor 

* '"'^'fmmunoperoxldase staining of celis following transfectloMA^ws expression fol.ow.ng 

«2S5ZB^^ one round of 

'^ZSStSL of a factor V... variant expression vector used to estabHsh production ceH lines 
^^mun^^Sg of the ce^transfectedw^ the vector p^BO encoding the 
60 ^TSSgSSS^ of CHO celte transfected with pFBCIS subjected to continuous 
^R^'cohstructlon of an expression vector containing a cDNA encoding factor V..I resistant to 

■JS^JH^M 90kd+lSa + eoKlon wJ .resolved by SOS-PAGE. Subsequently the 
60 uSysb (B). A rabbit polyclonal antibody raised against plasma derived factor VIII was used to detect the 

. t^SSTSSSSS SSL Tris. pH 7 A containing 0.15 M N£U «■« ^SSSS 

' innihated with 55 na of thrombin tor 0.1 to 60 minutes at 37° C. At the times Indicated an 
ss ^JS53^ percentBSA.nd 
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assayed by coagulation analysis.SDS buffer was added to the remainder of the sample which was heated 
to90°Cfor5mln.thensubiectedtoSDS-PAGE(mset). -rhegokd + 142aa + 80kd fusion 

Figure 13 Binding of 90kd + 142aa + 80kd fusion ^' s ^^vKJJ 6 ^ passed through 
(275 units) In 0.05 M Tris. pH 7 4 150 nM NaCI 2 ""*^?25 wtth KSiumn volumes of the 5 
LvWF^epharosec^umn^ 

"•fSSu 'construction of a prorelaxin expression vector used to estabfch production cell lines for ^ 
^"is^Sruction of a proreiaxin expression vector used to estabUsh production cel. lines for 
^"ie^Smction of a t-PA expression vector used to establish production ceil lines for t-PA. 

pCIHt-PA. ^,„„ »i nPRfas The DNA sequence of the expression vector containing the 15 

Figure 17 Sequence of a portion f^^J^j^J^t^a sequence. Le. splice donor Intron 

th. host ert e«W T^^2i^S^.^i!SSE3»^t^ l»*g *» P» <* 
SSgkrt "Hi » oommon with «M **•« !TS^ P ^molec 1 *l.pi«^a»y«»™»»l < « 
tegln with the looping out oflhs won so M *e6«ul ol the ^^ Wl<winstlM »« l> 

n^n^-xr^^,^^^ 

RNAot by oofntmctlna, • ONA whWi when "f 50 ^*""^!^:^^ 

•Stsblltehig sequence" refers to a DNA sequence uiwb'* . . TT faB --^,^3 sequence or a part 
dorir-intron^ptor sequence or by ^tneT^^ 

AUG translation start signal. C Art/frrA AQT found to occur at the exon-lntron 

•Consensus sequence" refers here *r to*«J»j; J^£ T | AST tound^ 

boundary (or donor seque^ami Ajj^£g2SflKSS5*». Analyses of the frequency wtth 
sequence). Sea Mount SM.;^ and acceptor 

whfeh individual t^.^**KJ^ R. et ai. PNAS (USA) 75. 

sequent It Is also Knovm that Introra beg^n^ 

J8»4857(1978j.^ 

•Contra! logton- refcroto •f^^S^Lflon Mn^Mlo*«yo«o V i»st»»»lAT-tlcl.ret)lon 
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sequence found 70 to 80 bases upstream from the start of transcription is a CXCAAT region v iff a X may be 
W nucleoflde At the & end of nwst eukaryotic genes is an AATAAA sequence which may ba tne signal for 
addition of the polyadenylation tall to the 3' end of the transcribed mRNA. 
■Promote" refers to the nucleotide segment recognized by RNA polymerase molecules that start RNA 

s svnthesis Promoters controlling transcription from vectors in mammalian host cells may be • obtained from 
ZSZSSSSZ^ the genomes of viruses such as: polyoma, Simian Vims 40 (SV40), adenovh^ 
ZovLses hepatitis-B virus and most preferably cytomegalovirus, or from heterologous "™a«an 
SSrs e.g beta actln promoter.The early and late promoters <*^ff^ r m ^^^! 
asTn SV40 restriction fragment which also contains the SV40 viral origin of replication. Fiers et a) 1978, 

ro -Nature" 273: 113. The immediate early promoter of the human cytomegalovirus is conveniently obtained as a 
MMinE VisTriction fragment. GreenawaV. P J. et al., Gene 18, 355-360 (1982). Of course, promoters from the 
host celt or related species also are useful herein. 

■Enllcer^Sers to cis-acting elements of DNA, usually about from 10-300 bp that act on a promote^ £ 
increased transcription. Transcription of a DNA encoding a desired heterologous prolan by h gher 

,5 euterj^rtes Is IncreaLl by Inserting an enhancer sequerjce Into * " ^ 

orientation and position Independent having been found 5' (Lalmins, L at el, PNAS78. 993 [1981] and 3 
(Lusky. M.L. et al.. MoL Cell Bio. 3. 1108 [1983]) to the.transwiption unit, wittiln ^^" f f^.^^ 
Cell 33. 729 [1983]) as well as within the coding sequence ttself (Osborne, TJ.. et ^ Mol Cefl i Bio. 4 1293 
[19841 Many enhancer sequences are now known from mammalian genes (globfo. e astase albumin, 

a? apoprotein and Insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples 
hcfudfthe SV40 dancer on the late side of the replication origin (bp 100*70). the cytomegalovirus early 
r^mote^^ 

P apresslon^ectors used In eukaryotic host cells (yeast, fungi. Insect, plant, animal, »»«noir»Jd^ 
cells from other multicellular organisms) will also contain sequences necessary for the termination of 

25 HS^^Y affect mRNA exprUsion. These regions are transcribed as 7*-^**-^ 
in the untranslated portion of the mRNA encoding the desired heterologous protein. The V untranslated 

reqions also include transcription termination sites. , , . .„„„,„, „ a „ a 

Expression vectors may contain a selection gene, also termed a selectable ^A^9l" 
encodes a protein, sometimes referred to as a secondary protein, necessary for the survival or grow* of a 

so nosTcell transformed with the vector. Examples of suitable selectable markers for mammaBan cells are 
dlhvdrofolate reductase (DHFR). thymidine kinase or neomycin. When such selectable markers we 
successfully transferred into a mammalian host cell, the ^stormed rr^malia^ 
under selective pressure.There are two. widely used distinct categories of ^active reg^ 
tebasedona^rsmetabolismandtheuseofamutantcelinne^ 

35 a supplemented media. Two examples are: CHO DHFR- cells and mouse UK- ^ S ^^^J**£? 
abiOty to grow without the addition of such nutrients as thymidine or hvpoxanthlne. Because theMceHs lack 
certain genes necessary for a complete nucleotide synthesis pathway, they cannot survive unless Je™sshg 
nucleotides are provided In a supplemented media. An alternative to supplementingthe n^^lr*oduce 
an intact DHFR or TK gene into ceils lacking the respective genes, thus altering their growth ^.nents. 

40 ^Mduai cells which were not transformed with the DHFR or TK gene w.0 not be <^'?<*^ J 
non-supplemented media. Therefore, direct selection of those cells requires cell growth In the absence of 

TLTc^d^o* Is dominant selection which refers to a selection scheme used k » anyceH type ; and 
doesnot require the use of a mutant cell line. These schemes typically use a drug to arrestgrowth of ahost 

45 ceJScens which have a novel gene would express a protein «™y^rug, ™J d 
survive the selection. Examples of such dominant selection use the drugs neomycin, S^em Rand Berg P 
rMoleaAppl. Genet. 1. 327 (1982). mycophenolic acid. MuDlgan. RC. and Berg. P. Science 209 J422 11980) 
or hygraSSn. SugderT B. e al.. Moi. CeH. Biol. 5:4ir>413(1985). The three examples fl""^ 
bacSgenes urSer euka^tlc control to conviy resistance to the appropriate drufi | neomycin (G418or 

SO oenetk*i) xgpt (mycophenolic acid) or hygromycin. respectively. In the following experiments the selective 

Amplification Is achieved using a selection agent e.g. methotrexate (MIX) which *m%mA 
56 ZpSionormem^ 

produced In the face of greater amounts of MIX. An^catlbn pressure ^f^^f^^ £ 
Presence of endogenousDHF^ 

be achieved by cofransfectlng a rnarnmallan host cell with a plasmld having * D ^ ^^ d ^^S" 
and the DHFR or amplification gene so that colntegratton can occur. One ensures that the celt requires more 

60 SFR^chSSntlsmrt 

In successive rounds of ever-greater MTX concentration. So long as the gene encoding a desired 
heterologous protein has colntegrated with the ampllflable gene, replication of this gene gives rise to 
reXtlon of the gene encoding the desired protein. The result Is that Increased copies of the gene. Le. an 
amplified gene, encoding the desired heterologous protein express more of the desired heterologous protein. 

65 Preferred suitable host cells for expressing Ihe vectors of the Instant Invention encoding the desired 



0 260 148 



heterolooods proteins in higher eukaryotes include: monkey kidney CVI line transformed by SJMfipOf-/' 
ATC?CRL 165 " human embryonic Wdney line (293. Graham. F.L et aJ. J Gen yiroL f^V™£%. 
h^Lr kldnOT cells (BHK, ATCC CCL 10); Chinese hamster ovary-cells-DHFR (described by Uriaub and 
SS S(Usf) 77. 4216. [1980]); mouse Sertoli cells (TM4. Mather. J.P.. Biol. Reprod. ?3 243-251 
S' mTkey Mdney cells CVI ATCC CCL 70); african green monkey kidney (VERO-76, ^TCC 5 
CRL- 587) numan cervical carcinoma cells (HELA, ATCC CCL2); canine kidney celk > M D CK ATCC CCL34 ; 
io rat liSr cells (BRL 3A. ATCC CRL 1442); human lung cells (W138, ATCC CCL 76); ""man hver cells 
SSpffi Thb^065); mouse mammary tumor (MMT 060562, ATCC I CCL51); rat hepatoma o« ,11s (HT CM 154, 
Baumann. H. et a].' J. CeO Biol. 85. 1-8 [1980]); and. TRI cells (Mather. J.P. et a).. Annate N.Y. Acad. Sci. 383. ^ 

^raSnSatlon' means Introducing DNA Into an organism so that the DNA h *2**to. ^Wher as an 
exSmosomal element or by chromosomal Integration. Unless otherwise 

herein for transformation of the host cells Is the method of Graham. F. and van der Eb. A.. Virology 52. 456-457 

0 SSt cells may be transformed with the expression vectors of the instant Invention and cultured In 15 
conventional Sutrient media modified as is appropriate for Inducing promoters, selechng trarisf^ants or 
aTpSgene^ 

me host cell selected for expression, and will be apparent to the ordinarily skJIedarUsan. 

•SSi" refers to the taking up of an expression vector by a host cell^ethe, -or , ^*ny cojg 
seauences are In fact expressed. Numerous method of transfection are known to *e ordinarily sWUed , »rUsan 20 
for Ste CaPO* andelectroporatlon. Successful transfection is generally recognteed when any lndlca«on 
S tne^pi^oVthte vector occurs within the host cell. However, m the context of the present hwention 
fuccesSZsfection refers to stable continuous expression of a desired heterologous protein by a host 

exoSon using the method of the Instant invention. Vectors were screened for transien expression to 
SSS SZtors could be used to express a desired heterologous protein. Transient = slon 
DrovWeVan Indication of whether the particular plasmld that has been taken up funtftons. l.e blmMritad 
a^Stoted^oTroduw *e desired protein. During this time the plasmld DNA which has entered the cefl is 
mSSrred to Si Nucleus. The DNA is In a nonlntegrated state, free within the nucleus. Transcrtpt.cn ol ^the SO 

u?r£ the cell occurs during this period. Vectors which were identified as capable producing 
Se o^Seterologous protein transiently were then used to establish a stable continuous .product on celL 
T^rtexpressiOT refera to a short period (12-72 hrs) following transfection. Following this HU^M 
Iter ^r^cttonthe plasmld DNA becomes degraded or diluted by cell division. Random integration within 

STceTcSS^ 35 
of eons which have retained the recombinant DNA leading to a permanent cell line. 

" *Z !»sed on immunoperoxidase staining of a ^^^^^jTSSgg 

whether a desired heterologous protein had been expressed. (Gorman. CM. et tL , CeB i^ 5 J£°^^: 

MTnocloL antibodies specific for the desired heterologous protein were screened for use In Host 

r^eoiftiMna the vector were stained and compared to parental can Pne for screening cells which produce a « 

sScSS A monSai a^Sody was selected which gave the strongest signal with the least amotm of 

SroSn?Tn^etrt ttansfections were performed to test vectors for the ability to produce a desired 

KffSs (SS. cSS BHK. TM4) were transfected using the CaPO< technique. (Graham and™ der 

£11 7£^£Z*n ru «t a! Science 221 551-653 (1983)). We used ten micrograms per milliliter of 

^^S^^S^^^ one minute ThlSy-sbc hours after transfection ceOswere fixed 

fe^caZrum Sst anflbody remaned on the cells ^ hours Plates were^ce^s^^ during 
this time Cells were washed 5 times over a ten minute period. The second antibody used was raoDit 
taa StaSS I This was diluted In PBS + fetal calf serum at a dilution of 1:150. A two hour 

..«m1 as a substrata An ethanol saturated solution .of ortrKJ^flansldine was diluted 1 :100 In PBS wrm l .iimwu 
4 °By this method awlde variety of vectors encoding the desired protein were quteWy screened for the ability to 

use^vS e^XSproS by the manufacturer for the 'end point method" for samples containing less ^ 

t X5S?c2 lEeTwre established using plasmlds of the Iristantlriventton which were show^ 
traKSS 

Sections JS7l0 V M of DNA/ml precipitate were used. Selection forexpres^on was ma^ssibteln 
♦^o- « k. nrfnn a selectable marker as described above. All cells were transfected with modified CaPA4 
tecn^ 
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ceUs. Treated cells were selected from ^{J^SiS described above. 

The protocol used to establish production «^^"J*J^Slon media. Media was titrated for the 
Two days following transection, eel to werej^j^red Into a ^ ^ 

proper amount of the P*^J ,ub ^ I 2^^ for transient expression. 

%TSds. are designated bya^ercasep^ 

The starting plasmids herein are either ^^XTX'mbSiTroo^^. *» addition, equivalent 
can be constructed from available plasmids \n a ° co * 

plasmids to those described are knownin the art and ^f^^^^L^e^ o^tcert^ 
•Digestion' of DNA refers to catalytic cleavage of the ^Awrth^SesS herein are commerciaily 
sequences, restriction sites, in the DNA. ^^^^ZtSt^^M^^toihe 
available and their reactlor .conditions. ^^f^^rTl pSd or DNA fragment Is used with 
ordinarily skilled artisan. For analytical I purposes. J ^'^^ " ^(soteengD^fragmentsforplasmld 
aboutaunltsof enzyrr*mabout2^of ^g^^SSSZ 2> units of enzyme In a larger volume. 

fragment ,„i ^th„ t^rmins! 5' DhosDhates by treatment with bacterial alkaline 

-DephosphoryteUon" refers to the removal of * e ^ n ^^ n P ^Sed ends of a DNA fragment from 
phosphatase (BAP). This procedure P™«^ * m ^^^^ 

i3e^h^» 

the reaction the DNA fragment Is gel fwrifled polydeoxynucleotldes which are 

•ligation' refers to the process of forming P h0S P h °*^ e ' S ed Son may be accomplished using 

a restricflon enzyme^leaved nucleic acid Is converted ^^^^^^MmllMfmbt 
ttnrtnusandfoiins.blurte^ 

coheslvewimtheendscreatedbyc^lyone^ Wuntlng te 

phenol and chloroform extraction and ethanol P^™- . ..armRNAIs confirmed by hybridization to a 
P •Northem-btottinglsamethodbywh^^^ omefwise provided, 

known. labelled oligonucleotide or ^^^iK 

by Manlatts, T. et aU W„ p. 202. _ f practicing the Invention, but should 
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Example 1 
Ex pression Vector 
Factor Vlll 



60 



1. Construction of Expression Vectors construction of plasmids which would direct the 

The cDNA encoding human factor Wwas ^^J^J Nature [LondJ 312:330-337 
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cell lines lor factor VIII. The three parts of the ^^^STS^U derived from the starting 

1 5 ' AGTAGCAAGCTTGACGTGTGGCAGGCTTGA . . . 
31 GATCTGGCCATACACTTGAGTGACAATGA . . - 

60 CATCCACTTTGCCTTTCTCTCCACAGGT . . . 

88 GTCCACTCCCAG 3 ' 

1 3'cAGCTGAGGGTGCAGCTTGACGTCGTCGGA 5 ' 
resistance nwker.TheTiikbt^ 

terming ^ Hin dlll fragment containing origin of «. 
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mRNA following splicing. The stabilizing sequence was Inserted between the unique Sacl^Clai sites of pFSClS. 
The sequences of the synthetic oligomers are as follows: 

SacII 

5 4 GGCCGGGAACGGTGATTGGAACGCG 
3 ' CGCCGGCCCTTGCCACTAACCTTGCGC 

5 9 GATTCCCCGTGCCAAGAGTGACeSIGT 
CTAAGGGG CACGGTTCTGACTG££ACA 

5'CCACTCCCAC GTCCAACTGC 
CGTGAGGGTG CAGGTTGACG 

5 ' AGCTCCGGTTCGAAT3 • 
TCGAGGGCAAGCTTAGC5 ' 

The synthetic oligomers comprise the appropriate nucleotides of the donor and o""^ 
sequence Juxtaposition of the splice donor sequence to the splice acceptor sequence is ind.caled by the 
underfh^Tnte vetfoVresembles the pFSCIS vector discussed above except for the deletion of the Imron 
^ySSTSf « engfneered stating sequence .rm e«M« JM «-«. actu* 
splicing of the noncodlng region from recently the transcribed mRNA. A P°? ion °" h ° 0f the 

expression vector pFBCSSS containing the engineered stabilizing sequence is shown In Figure 19. 

C) iSvSior P F8SaScontalning the SV40 enhancer and promoter, the <*to>"^"»*^ 
a portbn of the intron. the Ig intron and splice acceptor site, the cDNA encoding factor VIII and the SV40 
' polyadenylation and transcription termination sites were constructed. 

ffi^iSS ZSSSSSA ffpSt ..gation. The preparation of each of the three fragment of 
t *S&W^ region promoter and enhancer and one haH f the ampiciHin 

' resSaSrS 

SSSSTftten. Publication No. 160.457. This plasmld was cut with Sad. JUatagthe who to 
SSS polymerase I this 3' overhang created by Sad was blunted. Fctowrog this reaction the plasmld 
was cut with Pvul The desired 434bp fragment was Isolated from an acrylamlde gel. 
^rsecondS tnlrd foments used h this construction were Isolated from the plasmld pFSOS which Is 

^Sn^ntained the splice dorwr from CMV imm^ 

the Intron and splice acceptor synthetically made as described above. pFSCIS ^ cutj^tt. SacUj and the 
SX?3' everting 

ClaL Stoce the sequence surrounding the Clal site In pFBCIS prevent 
45 ISethylatlon plus strain. pFSCIS was prepared from dam- f^^f^^^^.Ygf ^ 
Bacteriol 114 1143-1150 (1973) and Geler. G£- and Madrid. P.. J. Biol. Chem. 2>4. 1408-4413 (1978). »nce 

TheThlrd fragment contains the cDNA for factor VIII. SV40 early ^^^^*J^SS^ 
transcriptional unit, the origin of replication of pML and half of the ampicillin gene. The 11308bp fragment was 

* Pr STS2 S££ SnVS^es^ste^ and Sad, sites, maintains the CM site and 
JSiSSL tteSgenTatttle 9 Pvu! site. A portion of the nudeotlde sequence of the expression vector 
pF8SCIS is shown in Figure 18. 

65 Example 2 

Analysis of Expression 

• 1 ' SrVll. SjrSon wasassayed based on immunoperoxidasestaWng of transfected ^™«g£ 
rJiiA!> kkwktc (19851 This assay was used to test vectors for the expression of factor VIII. Twewe 

P^tentpSlcaflon No. 16oX) were stained and compared with parental BHK line to screen cells which 

65 Kround. Transfections were performed and transient expression effector VIII was assessed. Cells (Cos. 
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293 CHO BHK TM4) were transfected using the CaP04 technique. Ten micrograms per milliliter of factor VIII 
wL7DreclDltetevms "tested. The precipitates were left on the cells for 3-4 hours. Cells were then glycerol 
ISSSSSmSSi^ 1 minute Thirty-six hours after transfectlon cells,were fixed with acetone-methano 
mS and washed with phosphate buffer saline (PBS). Cells were stained using either BH6 supernatant 
uSed oVSed BH6 antibody diluted 1 :3000 in PBS containing ^m fetal calf serum. This first antibody 5 
remained on the cells for 2 hours. Plates were placed on a slow shaker during this time. Cells were washed 5 
£S oler™ en minute period. A second antibody of rabbit anti-mouse IgG (Dakopatts) was dButed n PBS + 

S <S semmTa dilution of 1:150. A two hour incubation was foBowed by another sert* < °«es- 
Ortho-diansldine (Sigma) was used as a substrate for developing the peroxidase reagent. A ethanol saturated 
Son ol ^ormc-dtenslaine was diluted 1:100 in PBS with 1:10.000 dilution hydrogen peroxide. This 10 
substrate was left on the cells for 2 hrs at room temperature or overnight at 4 C. 
TO * eSS proved a screen for those factor VIII vectors directing factor VIII expression. This method 

determines transient factor VIII expression. Staining thirty-six hours after transfectlon provides an indication of 

whether the vector was transcribed and the rnRNA translated. 
pF8CIS directed transient expression of factor VIII In at least five different cell lines: COS. 293. CHO. TM4 is 

and BHK. Figure 3A shows transient expression of the vector pF8CIS In CHO cells. 
DF8SCIS i wsi Sound to direct transient expression of factor VIII as efficiently as pFSCIS. Figure 3B shows 

transtenTex^sslon <rf the vector pFSSCIS in CHO cells. Since the CMV enhancer and promoter can be 

cXSeJ replSed by the analogous SV40 enhancer and promoter, factor VIII production is not dependent 

SEpiclnStiBnsorlptiorial start signal but rather is dependent on other parts of the control region such as SC 

assayed for transient expression. Results of the transient expression screen for factor V/IH produced two 
S frtcSE those^ll types which stained oosittaly for factor VIII thlrty-sb (hours after ^transfecflon 
(Category 1); and. those cell types having no detectable transient expression of factor VIII (Category 2). The 2i 
host cells comprising each category are indicated below: 







CHO 


MDCK 


293 


BRL 


BHK * 


Hela 


TK4 


Vero 


HTC 


W138 


COS 


CV1 


HepG2 




TR1 





factor VIII. 

2. Continuous Production 



30 



35 



40 



As discussed above deletion of the Ig variable region Intron and donor and I acceptor sites, while ^|Mnlng 
thelther control regions, resulted In eimlnatJon of transient expression of factor VIII. From this data at least 
one sDlce dortoMntron-acceptor sequence appears to be required for expression. 
^SZtSfSSIJ^ that locatio^oTthe stabilizing sequence important! ^^SSSi 
of an totron 3> to the cDNA encoding factor VIII failed to express factor VHI. Vectors which were wnstru^edto 
iXESto factor VIII splice sitel. I.e. splice sites within the coding region, proved SO 
sSrdTnor-acceptor arrangement containing the CMV splice donor sequence and a "MneitoMron 
comortefoa CMV sequences and the synthesized Ig variable region Intron and acceptor is an ewmple of a 
^T^ng sequent which will lead totte establishment of a cell line providing continuous production of 



55 



?£SESS!L established by transacting the plasmlds. containing ^J^SSSSSS 
show to fuwrtton transient In a wide variety d <mB8. Into 

of lOuc i ofD^/ml precipitate was used. For transfectlon of CHO DHFR cells 4 ug of factor VUI plasmld was 
i^^ ^^ ^m um ^ served as a carrier. Wgler, M. et ah. supra. Direct ^on for 
SpressL of DHFR gene was possible In these cells Ai other cell S^^SSt^StS 
plasmld expressing neomycin gene. Davlas, J. and Jenrdng, A, Am. J. Trop. Med. Hyg. 29(5), J°™|~^ 
aSer pSVENeoBilO (European Patent Publication No. 160.457) or pRSVneo (Gorman, et at Sdence, 221, 
a£Zn\ K&D were used. For these transections 4ug factor VIII plasmld 1 ug <rf neomycin caning 
pTasmW and 6 »g salmon sperm carrier were used. All cells were transf using modfled CaP0 4 tect^que u 
ex^eptforBRLas discussed above. Transfected cells Included: BHK, CHO-DHFR. CV1 . Vero. WI38. 293. TM4. 
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5 amount needed for selection. Ml< , rt!rin rP n s were screened for stable expression of factor VIII. 

Threetofourweeksfollowlngtheonse of ^^^t^^^^^ng factor VIII. Following this 
A dish of clones was stained to -"*»J«M^ scored positive at this 

determination twelve clones of each cell type ^ P^J^J^y by Coatest assay, 
time indicating stable expression ^^.^SSJr^testebte^ 

«0 Those cells which failed to iSSi catagories of cells: 1) some cells 

time e.g. Vera. HeU. Stable expression of factor VUI was expres slon e.g. CHO 

which ^pressed factor VIII transiently scored negatrve dunng , th, i« JJJ?^ ce „ n P nes wWch ^ed 
and BHK cells failed to show stable «P£*"£»* XwHTC 2JS wnich are then referred to as 
positively at both transient and unampltfied stages e.g. TM4. mo ana <s» 

j5 potential production cell lines. 



SO 



25 



so 



65 




SO 

Lowtevels of factors 

p FrT » r yTTT in xm S im>Hff e-d Cells 

Host Cells nU/10* cells/day 

40 TH4 1.8 

HTC 0,5 

291 2,5 

45 CHO 

BHK <°' 15 



60 



Tne resuits of the foregoing assay demonstrate * ^e^ 

Ruction host cells. The results ^Wff^ predictive for using 

eels (or tacttr VHI o*|»8»k»> ^,I^i|SS3r*Ms ««• W" I"*"" *»" lhe f0 ™ s °2P 

first round of amplification were as follows: 



65 
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for.tor VITT levels off r One Round of Amplification 

Host Cells mP/10 4 cells/day 

TM4 3-0 

HTC 2 - 3 

CHO °- 1 "^M 

BHK 0.1 nU/ml 



10 



Both clones and mass populations were kept for further amplification. Though factorVUI was monitored 1S 
transientlv in both CHO and BHK cells, few clones were identified after one round of MTX amplification i and 
upon continued passage of cells the low levels of factor VIII were lost Heterogeneity was seen with these 
S^oTcHO ceHs which make factor VIII had a greatly increased doubling time of hre and were 
JS by non-expressing cells In the population M** have a doubling time of 28 Careful study 
SSSSZ STSntlnuoSa CHO clones expressing factor VIII were dWIcult to establish. The date x 
Rented below shows the frequency of clones expressing factor VIII In DHFR positive CHO clones at both 
ErSSevel and after one round of amplification. TM4 cells are shown for co^aon. The number of 
dweTwhich stained positive for factor VIII Is given as a percentage of the number of stable clones obtained 
following transfection. 

2d 

1st Round 

Tvt>e Victor pnaraplif led ftnipUf igfttjon 

•M4 pF8CIS 18% 77% 30 

pF8SCIS 15% 90% 

CHO -pF8CIS 0 0.1% 

pF8SCIS 0 0.1% 35 

At the second or third round of amplification, usually approximately 1 uW ' ^^ te - fect ^, V "! 
detectable m CHO cells. Even at this high level of amplification, activity of tetor VHI was low 63 mU/mK 
OortSwd amplification did not lead to increased production In CHO ceH tows. Morphology «^<* 
separately derived CHO lines show the cells staining for factor VIII to be enlarged in size and W^-£b£ 
Transformed CHO cells amplified to 10 uM produced no more than 200 

ehdce of a host cell Is an important step in the establishment of a production cell system for factor VIII. 
P^mty tmThTC «?S Thave been used to establish permanent cell Bnes providing continuous ^ 
production of factor VIII. thus qualifying as production cell lines. 

Example 3 

9 lgSSSfs^S of actfce factor VIII from TM4 cells was determined by cation analysis 50 
SwlZwZ St £ been conditioned for 48 hours by TM4 cells transf ected with pFSCSv^a^ 
ta SSSvK shown in Table 1 TM4 culture media shortened the clotting time of ^S^SSt^ 

human factor Vill. 55 



40 



60 



65 
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Sample 



Clot Time Units/ml 



10 



15 



20 



25 



SO 



35 



40 



45 



50 



pd VIII 

pd VIII + factor VIII 
antibody 

TK4 media 

TH4 media + factor VIII 
antibody 



46.5 
91.5 

54.2 
70.4 



0.5 
<0.01 

0.36 
0.05 



Table 1. SecreSon of ^^^jS^^Z^S^SSS. 

derived factor VIII (pd VIII) was treated similarly. 
Example 4 



Expression Vector 

Varia nt Factor VIII , , lt e hnineerino That is, by introducing changes 

- one approach to achieve a ^f^^^SSS^SSSt <Sow for specific modification in 
within the gene at the DNA level, varlante can be «^f^ n "JJJfJ^ chaln 300,000 dalton protein Is 
protein function. Three variants were e^lneered. The na^e fector ^ subunlts of 50.000. 

deaved to submits of 90^00 and ^^^^^S^^ defined function. Vehar 

r^isiis^^ for exprcss,on * * e m ,en ^ 

recombmant factor vitt protein were used to express the mutant. 

pF8ClS9080 ■ . h fert ^ r v,i, fusion pro teln included: the enhancer 

Y The eukaryotic expression vector used to express ^wor v»rrus. * (CMV) immediate 

(BoshartetaJ..su E ra), and promoter f^!^ 

ampBfiable marker, the SV40-OHFR *^g^ fc encodlna ^ factor VIII fusion protemSOkd + 142aa + 
Construction of the expression ^'S^SSSSS {European Patent PubOcation No. 160.457). a 
80kd is shown In Figure 6. Starting with the P^l^ S fetHblunting the cohesive ends with S1 . 
short deletion was made in the 3' unt^s^edregionby pla smid was cleaved 

further deavlngwim^a^^ 

with dal and Sail and the 10CJ31 bp fragment d °" e ^^Tta^on in the factor VIII gene was made by 
pAMOP.D22lEuropean Paterrt No. *Tiotor VIII gene. Figure 6 shows 
HflatingthefB^^mtll ^^^^^ ^XZon No. 16*457) and a USKMbp 
ligation of a afP^SSlLlS^ 

fragmerrtof pAMl3P^toconst^ct p/^^^ a 5828bp aal-)»al 

DNAeequenTA472* P ^^^ CMV was 

SSSfiJ5217» <—* — » * the » slte - 

60 Example 5 
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TeXinTdatT SITiUe of a proper host eel, wi.l provide continuous production of 
thlSX^ "seabie quantities. TM4 cells transfected w«h P F8C^9080 showed 

I «? ^J? 0 ni «nd stable exoression of the fusion protein. TM4 cells transfeoted with pF8CIS9080 showed a 
XSSn^^ZE^^ protein as compared to the full length factor m, ft 100nM « 
mrthofrexate pooled clones of the fusion factor VIII yielded 12mU/10* cells/day. HTC ceUs showed a auntar 
SSS5 in expression of the fusion factor VIII as compared to the full length factor VIII 

Session of the fusion protein factor VIII is quite high In 293 cells as compared to full lengtti factor VIII 
exSon In 29 I celts transformed with the fusion protein vector P F8CIS9080 the unamphttad poputot.cn 
S*?K mU^IO* cells/day were routinely achieved. Expression MriUI^M>« were tower 10 

the fusion factor VIII yielding 2.5 mU/10* cells/day. Since the control signals are identical in the pFBCIS 
ISSSSSSnZ ' JKnot h expression levels must lie within the capability of the cell to produce full 

^The Svo™"L P S£ie* at an ean.er P o.nt of amplification (100nM) than the full length (1000 nM). 
howLve! as show? in figure 7 these cells were burdened by the expression of the fusion proteiru CHO cells IS 

fcj2T+ 142aa + 80kd at 100 nM produced 0£ uU/10* M lls/day^ntlnued amplWcation was 
Xutt ^e to mirad ovulation seen In figure 8. Clones selected at 1 uM MTX and 6 uM MTX showed no 
JSS- exorelslon tevels SSnSST uM MTX lines. In summary, certain host cells were particularly adept at 
higher exprMsran teve s otherihost cells were of an Intermediate nature In that the 

group of host cells Is unlikely to produce sufficient factor VIII for production, e.g. TRI. 



Example 6 



leiS^b^f^rSton. D E. et al.. Biochemistry 25. 505-512 <1986^The purMed fusion had a 
1SSSS^4JX^^m wt-BHs comparable to the specific art* of 
VIII When subjected to SDS-PAQE the fusion resolved into two major bands with Mr^ 11 5.000 "?«W0af 
bandS a M of 180.000 was also seen and probably represents the single chain form of the fusion. The .Mr 30 
iK 115m and 80.000 proteins were all detected by afactor VIII polyclonal antibody in a Western blot 

(Figure 11). 80kdfuskjnwasactivated10-20toldbythrombln(Rgure12).This 
acS^t^^^ 

Sates In plasma bound to von Wlllebrands factor (vWF). binding of the 90kd + 142aa . + 80kd fusion to 35 
vW^w^aTsotesTed^edSOkd + 142aa + 8C*d fusion that was passed ow ^ 
mjanSvely bound to the column (Figure 13). Subsequently the fusion was eluted from the column with 0.25 
M CaCla. which Is known to dissociate factor V1IH/WF complexes. 993 cells was 

The above data show that the 90kd + 142aa + 80kd fusion expressed and secret^ from the 2^lls was 

Vlll-vWF complexes. 4^ 
Example 7 



^^^^S^^conmo^ for 48 hrs. by 293 cells transfeoted was 
«^TfoTfecto7viHcoaaulant activity by coagulation analysis. After the media was diluted 1/50 it was 
25 and £S to \SS^SJRJ» of hemophilic plasma from 120 sec. to 58* sec. = p^nding 
S?SJSrt3 factor VIII coagulant activity. This activity was neutralized by a polyclonal antibody against 
plasma derived factor VIII (Table 2). 
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Tabled 



s le Clot Time Units/ml* 

(seconds) 





Buffer 


120.0 


<0.1 


10 


Diluted 293-media 


56.9 


5.5 


15 


Diluted 293-media 
Freinciibated with 
factor VIII antibody 


118.0 


<0.1 




Undiluted 293-media 
(parent cell line) 


100.0 


. <0.1 


20 


* In undiluted media 







Table 2. Coagulant activity in 293_ me <* a - (General Diagnostics) for 8 mln. at 37°C. 

Hemophilic plasma ^f^^^^^^^^^lAlm^^^ percent 
Subsequently 60 uJ of media that had been diluted 1/50 wtth ? c|ot ^ ^ measured. 

BSA was added and Incubated 30 sec. CaClj : (25 m ^f°gr ^^.^ AMad . Antibody neutralization 

Example 8 ■ 

Expression Vector of Factor VIII ^"^ITtll te human factor VIII by limited 

Activated protein C (APCJ. a P^^'Jl^SIeZsto 
proteolysis. One possib.es^ 

336 can be changed to another amino acid, for example. ^n^ H^" jnactWation. Using In 

preCISSOSO^SE, were constructed to determlrw whejer ^| f * e *gSne at position 336 

vWo mutagenesis (Morris. K. et Nucleic Acids ^nt from pFSCIS was 

SKEa^tfS^^ used to mutegenfee ,h,s 



p ' q L B H K H 
CC CAA CTA GAA ATG AAA A V 
* 



55 



60 



pF8CIS9080. . . ^ ^..g Ful i lenQth factor VIII with this mutation was 
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Example 9 

t^SS^^^S^^&»VBE shortened the clotting time of hemophilic 
t^^SLS^«S^SS^^ VIH polyclonal antibody (Table 3). Activated protein C. 



70. A 


0.8 


65.8 


1.1 


68.5 


0.9 


85.0 


0.28 


95.0 


<0.1 



10 



15 



20 



Sample Clot Tine Units/ml 

293-336E 
rVIII 

293-336E media + APC 
rVIII + APC 

293- 336E media Z5 
Preinciibated with 
factor VIII polyclonal 

coagulation analysis. 

Example 10 40 
Expression Vector Prorelaxin 

construction of the prorata* vector / the: ^^^S^MaSlMmi «tese 6" processW 
JCncX^.^2 S hep-e ««. "K^^J^S. cope**, tia p«« 

, * HM. ritacmid nCIARX was cut with Clal and Kpnl to Isolate a 1360bp fragment containing the 
pre^Snlet 

E25^ mmelx created by cutting P F8CIS dam- with Oa! and KpnK 
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55 
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10 



15 



20 



25 



30 



^eTauTethecho^^ 

(Wilson & Nevins, sugra). the 3' hepatrte l^ en J*j21S£?S££^l^ starting vectors for this 
polyadenylation seo^Kco. ™b»™*^^ 

construction are pCIHRX and P F8CS. The tetter vector has *e same b P 3 , 

overhang was blunted by T4 polymerase. f^^^^^S^iom the BamHI treatment. The 
intron from the 5' end of the relaxln gene. An and ampr gene, as well asthe 



Example 11 



35 



polyadenylation sequence. . h • ! „g p RSVneo, 5 ng salmon 

293. TM4 and CHO cells were transacted vvrth 10 £g total I DNA^ ^ n ™ ^ glycerol shocked as described 
sperm carrier and 4 ug of plasmids pSVERX, PC anc ^J^SSSSto identity transformed cells 
aDove.Thirty*Uhoursfonowing^ pOHRX and 

Sx P 0°uplSte ^J^tt^™*™ - *° — ^ 

general population of cells. 
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Transient &m rm <nn Prorelaxln 

on Type Piasraid Amwnt of rrotelu (igj'JSll 5 

CHO pSVERX 0.4 

pCIHRX 0.9 

pCISRX 3 10 



TM4 pSVERX 0.4 

pCIHRX 2 

pCISRX 10 

293 pSVERX , 0.4 

pCIHRX 3 

pCISRX 12 



pCISRX 22.0 



IS 



20 



25 



30 



gtft^ fe Expressio n Prorelaxln 

Cell Type Plasmid Amount of Protean, <r\Kfol) 

CHO -pSVERX 0.6 

pCIHRX °- 8 55 

pCISRX 3,9 

293 " pSVERX 0.41 40 

pCIHRX 3.0 



45 



Example 12 

Expression Vector t-PA 



50 



•£ vector pCIHt-PA containing the cytomegalovirus enhancer and promoter, the cytomegalovirus splice 
doiS ste^din^ thelg variable region sjiice acceptor arte, the cDNA encoding t-PA (Pennlca et aL. 
Jatt^^^ surface antigen condensation and transcription termination site & 

was constructed 

Figure 16 shows the steps for construction of the t-PA vector. T « wahn 

The t-PA cDNA was first oloned Into pML to provide a Gal site at the 5' end of the gene. To do this a 3239 bp 

^ haHindll site of DMlI Colonies were screened for clones which have the 6' end of the cDN A Juxtaposed w 

6146bp fragment of pFSCIS. TWs Oal-Kpnl fragment of the CIS vector provided tfie & control regton. a 
w^unHFR transcriDtlonal unit trFaiifellin resistance gene and origin region from pML. pCIHt-PA is 
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: 



polyadenylation sequence was cons ^'f* aHt „ Aand pF8C | S (see Figure 20). The latter vector has the 
The starting vectors forthls construction are ^f^^Se^Mani the SV40 polyadenylation site. Sacll 
samel' consols as pGHMU ^li^^S^^^ by TWerase. pOHt-PA 
was used to cleave 3' of the t-PA cD ^ ™° from the 5' end of the t-PA gene. A 2870bp 

,5 was then cut with Oal. This site ^P^; h !^^rSenylation site, DHFR. transcription control. 

20 Sa?-ciaT fragment yields pCISt-PA. .K„ 4ranrfedIrM 293 and CHO ceOs wtth pCIHt-PA and pOSt-PA- 

Transient 

25 (t-PA ng/ml) 

CHO 



30 



CIS 55 

CIH 15 

293 ... CIS 3000 

CIH 1300 



35 



40 

Claims 



, A method for continuous production of a desired heterologous protein In a euftsiyotio host cell 
^e^c»n 5 ».xprossl.n»««<^ 
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c Th Q mothoH of anv on P of claims 1. 2 and 3 wherein the stabilizing sequence comprises an 
JSnlS^oW^SK *e — P^' 68 as 8 m " NA WhlGh ^ b6en 8Ub|8Ct 10 

ISTetK^orofc^rs wherein the DNA encoding the amino add sequence of a 
TSJSS^^f-JL. 1 to 8 wherein the DNA encoding the an.no ac.d sequence of a 
"TrSS^^jS^to 8 wherein the DNA encoding the amino acid sequence of a 

14 TKmShod of any one of the preceding claims wherein the DNA coding the polyadenylatlon 

T^tK^^ 
16 lEX Sod of arjone of claims 1 to 14 wherein ithe host cell is hepatoma cell (HTC) 
7 ?S rShodof any one of claims 1 to 14 wherein the host ceH is human embryonic Wdney cell (293). 

«^^odofdalm18wherek*eertf^ , , . 

^^Sm^^ SI claim 19 whteh iricludes an enhancer and promoter from simian virus 

ITa" vector suitable for continuous expression in a eukaryotic host cell culture of a desired 

any one of claims 1 to 20. 
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EcoRl Sstl Smol BamHl Xbal- 
Soll Hindi Pstl Hind lit 



Hincll 



Amp r 




Sstl 

Sstn 

Bom HI"] 
Smol U 
EcoRl J 

indttl I 

From pUC8 
poly I inker 



I 



BamHl 

Ligate Bom Ht- Hind III linkers: 

5' GATCCC6TACTA 3' 

3*GGCATGATTCGA 5 

Hincll+Hindlll 
If 

Hincll 



CMV 



Hindi!) 



BamHl 

Isolate 800bp fragment 




Isolate 2900 bp fragment 




Ligate 



(Smal/ 
Hincll) 



Fig.la. 



Old 111 
BamHl 
" 



Sail, Hind III 

Isolate 31 23 bp fragment 



Hind III 
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P0ll(Klenow) + 4dNTP's 
Pstt, Hind III 



Psii . 




Pstl 

Ligate onPstl-Clal linkers: 

5'GCTCGGTTCGAT3' 
3' ACGTCG AGCC AAGCTAGC 5 

Hind 111 

isolate U8bp fragment 

\ 

Hind III PstJCial 



[g intron and splice acceptor 




Hpoi 



Hind IH 



Bam HI 



pUC8 



EcoRI 
Bam HI 




pUC.SN/40 SV40 



Hpol 



OHFR^V 11 HBsAg 3* 

//FScDNA 

Hpol' 



Replace HBsAg 3' 



3- parr ligation: 

a. pUC.SV40 Hpol -EcoRI 143 bp 

b. pSVE.8ctD EcoRI-Clal 4|kb 

c. pSVE.8clD Clal-Hpal 7.5kb 



Soil pML Pvul 

3* HBsAg ^N^SVE 

„ . . _ CIol 

OHFR 



EcoRI 

SV40 X 
poly A site 




FScDNA 



Clal. Sail 

Isolate 96 1 1 bp fragment 



San 



EcoRI 
< Hpol 

SV40 V 
poly A site 




Clal 



F8cOA 



J 



Fig.lc. 
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FIG. 6. 



Sstl! SI 

Hpal Sal! 
Ligate 




Sstll Hpal 



Sail 
,0101 



[pAML3R D22 



Cla I . partial Sal I 
BAR Isolate 6761 
bp fragment 



Isolate 1003 1 bp 
fragment 
Clal. Sal I 
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4 




Tthm I 
KlehovN Pollt 
4dNTP's.Cla I 
, Isolate 25I6 bp 

Y -rxu . fragment 
=4*-Tthui I- — 



Bam HI 

KtenowPoll+4dNTP's 
Oat. BAP 

Isolate I I99I bp fragment 
,Clal 




Xbal 



Isolate 5828 bp 
fragment 
Clal,Xbalfrom 
dam-strain 




Xbal 

Isolate 4722 bp 
fragment Clal.Xba I 



Figilcont.) 
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A 



Hind III R 



336 



KpNI 



792 bp 



Cloned into 
J ss ml3mp!8 

18mer used for mutagenesis 

pqle M K N 
5' CCC AACTAG A A ATG A A A A 3 1 
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